To reduce the of risk infection after colorectal surgery, oral antibiotic preparation (OAP) and mechanical bowel preparation (MBP) can be applied. Whether OAP can be used without MBP is unclear. A meta-analysis of observational studies demonstrated comparable effectiveness of OAP with and without MBP regarding SSI risk. Surgical site infection (SSI) is a common complication after colorectal surgery. To reduce the risk of SSI, oral antibiotic preparation (OAP) and mechanical bowel preparation (MBP) can be administered before surgery. Usually, these 2 prophylaxes are combined because of their presumed synergistic effect. The combination has been shown to reduce the risk of SSI compared to no preparation, but it is unknown to what extent each of the preparations contribute to this decline. MBP was abandoned recently due to a lack of evidence for a beneficial effect compared to no preparation.
Methods
We performed a systematic review and meta-analysis of observational studies that investigated OAP prior to colorectal surgery. We searched PubMed on 'oral antibiotic bowel preparation' and MeSH terms 'colorectal surgery' and 'surgical wound infection,' and we included studies that investigated an OAP only strategy. Data on study design, data-analysis, and the number of SSI per preparation strategy were collected. Because we aimed to reduce confounding bias, we extracted the adjusted odds ratios (aORs) and 95% confidence intervals (CIs). We pooled the aORs for the comparisons of OAP only versus no preparation and OAP with MBP versus no preparation. A random effects model was used to account for the expected clinical heterogeneity due to known variation in OAP. When studies were performed on (a subset of) the same cohort, we only included the study with the highest precision in the meta-analysis to ensure that patients were included in the meta-analysis only once. Statistical analyses were performed with Review Manager software.
Results
We found 15 studies that reported data on OAP without MBP (Table 1) . [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In almost all studies, the OAP strategy only was the least often used preparation. Because 13 studies were performed with data from the ACS-NSQIP database from 2012 through 2015, a substantial overlap in participants was suspected, and only the largest study was included in the meta-analysis. The forest plots with pooled aORs are presented in Fig. 1 . Compared to no preparation, SSI risk was significantly reduced when patients received either OAP only (aOR, 0.51; 95% CI, 0.37-0.71) or OAP combined with MBP (aOR, 0.42; 95% CI, 0.37-0.49). The largest study reported no significant difference between MBP with OAP versus OAP alone (aOR, 0.78; 95% CI, 0.55-1.08).
Discussion
In our evaluation of observational studies, OAP reduces the risk of SSI after colorectal surgery by 50%. Combining OAP with MBP had a comparable effect on SSI risk. Although these findings seem conclusive, we must address several limitations. We included only 1 of the studies performed on the ACS-NSQIP database because we were unable to extract the proportion of unique participants across all publications, which inevitably reduced precision. Nevertheless, all studies reported a protective effect of OAP; therefore, we considered the direction of the effect reliable. The magnitude of the Note. aOR, adjusted odds ratio; ASA, American Society for Anesthesiologists; BMI, body mass index; CDC, Centers for Disease Control and Infection Prevention; CHF, chronic heart failure; CI, confidence interval; Ht, hematocrit; IBD, inflammatory bowel disease; MBP, mechanical bowel preparation; MI, myocardial infarction; N/A, not available; NS, not significant; OAP, oral antibiotic prophylaxis; PE, pulmonary embolism; RCT, randomized controlled trial; SSI, surgical site infection; WBC, white blood cell count. a (%) SSI and aOR were not reported and estimated from Figure. effect, however, could not be directly determined because of the limitations that apply to the ACS-NSQIP database, which we believe affected all the studies performed on these data. The database contains a limited number of variables, which likely hampered adequate adjustment for confounders. Thus, residual confounding cannot be excluded. Secondly, the grouping of participants may be unreliable because only MBP administered in the hospital was properly documented. This could imply the presence of misclassification bias when a part of the OAP only group did receive MBP at home. In addition, all studies excluded patients with data missing for the determinant, which may have introduced selection bias. Another issue is that the percentage of patients in the OAP only group was very low compared to the other preparation strategies.
Albeit the aORs all demonstrate a protective effect of OAP, several studies clearly lacked power to determine the effectiveness of OAP without MBP. More importantly, these low numbers may also reflect the presence of confounding by indication. The choice of bowel preparation generally depends on surgeon's preference and on patient's prognosis. In most studies, a preference for combining OAP with MBP is seen. Not adding MBP to OAP could be because patients are unable to tolerate MBP because they are less fit, or that surgery was performed subacutely. In both cases, SSI risk was higher. This could have led to an underestimation of the effectiveness of OAP only, and it is also impossible to disentangle the impact of MBP when comparing OAP only with OAP and MBP combined because of unknown differences in patient characteristics that influence SSI risk.
That OAP is also effective without MBP was confirmed by a study that investigated OAP in a setting where MBP was not used. In this study, the risk of confounding by indication was present but negligible; OAP was implemented as standard of care. 16 Although confounding due to residual time variation could not be completely excluded, a reduction in deep SSI and mortality of 42% was reported. Findings from the network meta-analysis also demonstrate that OAP can be administered without MBP. Although this conclusion was based on indirect associations, OAP alone appeared to be a better strategy than OAP with MBP in reducing organ-space infections. In contrast, a single-center RCT from Israel found no difference between OAP and OAP combined with MBP regarding SSI risk, suggesting that the MBP component can be safely omitted. 19 We also demonstrated that the impact of MBP with OAP is similar to that of OAP alone. Considering the absence of a beneficial effect of MBP alone, the only rationale for continuation of MBP in combination with OAP is because it was hypothesized that the antibiotics were not effective in an uncleansed colon. Based on our findings, we consider the added value of MBP to be questionable at best. This is relevant because, in addition to the higher costs, MBP not only poses a risk of electrolyte disturbance, its administration is also a significant burden to the patient. High-quality evidence is needed to confirm the efficacy of OAP without MBP. An RCT that includes an OAP-only arm and is powered to detect a 40% reduction in SSI risk may bring us closer to closing the research gap on the use of OAP and the necessity of MBP.
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